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Abstract: For developing a type of healthy and functional drink with high fiber and antioxidant
properties, three types of dietary fiber (bamboo fiber, citrus fiber, and polydextrose) and two types
of carotenoids (lycopene and lutein) were used in the peach nectar-based formulations. Based on the
D-optimal mixture design, the ratio of fibers in a constant amount of fiber mixture (6 g) and the ratio
of carotenoids in a constant amount of carotenoid mixture (6 mg) were selected as independent
variables. 24 formulations were presented by Design Expert software and based on antioxidant and
physical stability tests, the highest desirability was achieved by the formulation with 100%
polydextrose and 100% lycopene (F8 sample) with a desirability of 0.997. This formulation showed
88% of stability and 85% of DPPH antioxidant activity. In addition to the F8 sample, five other
samples were selected for further experiments. In the second stage, different tests including total
phenol, total flavonoid, vitamin C, total fiber, minerals and trace elements, antioxidant properties
(with three different methods), stability of lycopene and lutein, degradation kinetics of lycopene and
lutein, rheology, and sensory evaluation were done on the selected fortified peach nectars.
Experiments showed that the type of fiber in the mixture was highly effective on all measured
parameters and lycopene had a greater effect on antioxidant properties than lutein.

Keywords: peach nectar; functional drink; lycopene; lutein; dietary fibers; antioxidant properties;
degradation kinetic.

1. Introduction

Functional foods refer to food products that are rich in nutraceuticals and healthy beneficial
bioactive compounds that have special effects in preventing diseases or increasing health, in addition
to their basic nutritional properties (Sahraee et al., 2022). Fruit and vegetable juice are known as one
of the prominent sources of nutraceuticals and dietary phytochemicals and on the other hand, some
processing operations reduce the content of dietary fibers and antioxidant capacity of fruit juices.
Morales-de la Pefia et al.,, (2016) declared the reduction of bioavailability and amount of some
nutrients after pasteurization and sterilization. Therefore, enriching fruit juices with antioxidant
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bioactive compounds and dietary fibers and producing health-oriented drinks can be a very attractive
idea for producers and consumers. Peach nectar is one of the most popular fruit drinks, which has a
good ability to become a healthy/functional drink due to its attractive taste, pulpy and cloudy
appearance, and reasonable price (Cedeno-Sares et al, 2023). Peaches are rich sources of
phytochemicals, such as phenolic compounds, dietary fiber, and carotenoids. To produce peach-
based beverages, peaches are initially converted as peach puree or pulp and then diluted to achieve
peach juice or nectar (Sinha et al., 2012). The total dietary fiber content of peach fruit juice and nectar,
per 100 g, has been reported by USDA, as follows: 15 g in fresh fruit, 0.1 g in juice, and 0.6 g in nectar.
Based on the work of Shahidi, (2006), the content of protein, fat, carbohydrate, and total sugars are
0.27,0.02, 13.92, and 13.32 g and the content of calcium, iron, magnesium, and zinc are 5, 0.19, 4 and
0.08 mg per 100 g of peach nectar. Phenolic acids (e.g. chlorogenic acid), flavonoids (e.g. catechins
and epicatechins), carotenoids (e.g. B carotene, 3cryptoxanthin, a carotene, lutein, and zeaxanthin),
anthocyanins, vitamin C and E are major bioactive and antioxidant components in peach juice (Sattar
et al., 2020; O'Shea et al., 2012). Degradation of bioactive compounds due to oxidation can occur
during peach processing and fruit juice production. Lavelli et al. (2009) reported a 66% decrease in
total carotenoid after pasteurization of peach. Evrendilek et al., (2016), evaluated the effect of pulse
electric field treatment on peach nectar’'s aroma compounds, which mostly led to significantly
enhanced sensory properties.

Lutein is a type of carotenoid known as a xanthophyll, which is a naturally occurring pigment
found in some fruits such as peach and green leafy vegetables such as spinach and kale (Bulda et al.,
2008). It's an antioxidant that has several beneficial effects on the human body, particularly for eye
health. The daily recommended intake for lutein has not been officially established, but various
studies suggest that consuming between 6 to 20 mg of lutein per day can be beneficial for health,
particularly for eye health (Jalali et al., 2018). For example, a dietary intake of 10 mg of lutein daily is
often recommended for eye health, and this amount has been associated with a decreased risk of age-
related macular degeneration and cataracts (Buscemi et al., 2018).

Lycopene is a linear, unsaturated hydrocarbon and a type of carotenoid and is responsible for
the red color of some fruits like tomatoes, watermelons, apricots, red oranges, rosehip, guava,
papaya, and sweet red peppers (Khamis et al., 2017). It has high antioxidant activity and scavenges
reactive oxygen species (ROS) /singlet oxygen which helps protect the body against oxidative stress
and retard aging and degenerative diseases (Branisa, 2021; Arballo et al., 2021). The other beneficial
properties of lycopene include helping to maintain heart health with lower the risk of heart disease
by reducing free-radical damage and "bad" LDL cholesterol levels while increasing "good" HDL
cholesterol, preventing prostate cancer, helping to maintain bone health, and sun protection of skin
(Buscemi et al., 2018; Imran et al., 2020). While there is no formally recommended daily intake for
lycopene, studies suggest that intakes between 821 mg per day are beneficial some experts
recommend getting at least 10 mg of lycopene per day as part of a healthy diet (Camara et al., 2013).

Dietary fibers are classified into two groups soluble (high fermentable in colon) and insoluble
(low fermentable in colon) fibers based on solubility in water. Both types of fiber are important for
overall health, and most plant-based foods contain a mix of both. It's recommended to get a balance
of soluble and insoluble fiber from a variety of food sources. Cellulose, hemicellulose, and lignin (a
non-polysaccharide compound) that are present in barley, bamboo, and wheat fiber are classified as
non-soluble fibers. While pectin, polydextrose, gums, and poly-fructose (inulin) are in the soluble
category. Insoluble fibers increase stool bulk and reduce the transit time of food residues through the
intestinal tract which in turn reduces constipation, the risk of diverticular disease, colon cancer, and
some other digestive disorders (Menis-Henrique et al, 2020). On the other hand, soluble fibers play a
major role in reducing cholesterol, controlling blood sugar levels, maintaining fullness and weight
management, gut health (due to their prebiotic effects), and preventing some cardiovascular diseases.
Recommended daily amounts of fiber for men are 30-38 grams and for women, 21-25 grams (Mustafa
and Baurhoo, 2016). Dietary fibers have a low glycemic index and reduce the glycemic index of foods
and therefore can be used in diets limited in sugar.
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The objective of the current research was to develop and optimize the formulation of a high-
fiber and high-antioxidant fruity functional drink with suitable sensory properties based on a mixture
design. Because the addition of dietary fibers increases the turbidity, peach nectar, which is
considered a naturally turbid fruity drink, was found suitable for this aim. Lycopene and lutein as
carotenoid pigments with high antioxidant properties and three types of dietary fibers including
bamboo fiber, orange fiber, and polydextros were used in the fortification of peach nectar.

2. Materials & Methods
2.1. Chemicals

Peach nectar was purchased from Takdaneh Co., Tabriz, Iran. Bamboo and citrus fibers were
purchased from Ingredion, USA, and Fiberstar, USA respectively. Polydextrose was purchased from
Sigma-Aldrich, Oakville, ON, Canada. Lycopene was purchased from Proquimac, Spain. Lutein was
purchased from CHR HANSEN, Denmark. All chemicals applied in this study were analytical grade
and were provided by Sigma-Aldrich, Oakville, ON, Canada.

2.2. Preparation of Fortified Peach Nectar

According to the literature review, the amount of total fibers (Bamboo and citrus fibers and
polydextrose) carotenoids (lycopene and lutein) were selected as 6 g and 6 mg per 250 cc peach nectar,
respectively (Sahraee et al., 2022). Design expert software was used to obtain 24 formulations (Table
1). For better solubility of constitutes, they were sonicated at 40 Khz for 20 min. After that, all
formulations were pasteurized 93+3 °C for 3 min. They were cooled and stored at 4°C. Formulations
were assessed for stability, nutritional quality, and sensory acceptability.

Table 1. Mixture D-optimal design for independent, and dependent factors and their output data.

Runno.  Polydextrose Orange Bamboo Lutein Lycopene  Stability DPPH
(W/w %) fiber fiber (W/w %) (W/w %) (%) antioxidant
(X) Ww%)  (wiw%) (X (X) inhibitory

(x2) (%) (%)
1 50 50 0 0 100 66 61
2 66.66 16.67 16.67 75 25 82 68
3 100 0 0 50 50 74 62
4 0 50 50 0 100 53 58
5 0 100 0 0 100 55 61
6 0 0 100 0 100 42 56
7 0 100 0 100 0 54 52
8 100 0 0 0 100 88 85
9 66.66 16.67 16.67 25 75 80 80
10 50 0 50 100 0 62 58
11 0 0 100 100 0 45 70
12 0 0 100 50 50 45 42
13 0 100 0 50 50 57 59
14 50 50 0 100 0 62 66
15 50 0 50 50 50 46 55

—_
(o)}

16.67 16.67 66.66 50 50 47 53
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17 16.67 66.66 16.67 75 25 58 71
18 100 0 0 100 0 87 72
19 50 0 50 0 100 59 64
20 0 50 50 50 50 43 49
21 50 50 0 50 50 61 65
22 0 100 0 25 75 56 67
23 0 0 100 75 25 41 58
24 16.67 66.66 16.67 50 50 52 61

2.3. Physicochemical Characterization
2.3.1. Physical Stability

The physical (colloidal) stability of peach nectar samples was calculated according to
(Mirhosseini et al., 2008) with some modifications. For this aim, fortified peach nectar samples were
kept gentle for half an hour after preparation to assay the solubility of fibers. The physical stability of
each sample was evaluated according to Eq (1):

. o h
Eq (1): Physical stability =( 1 - h—’;) x 100

Where ht and hy are the heights of a total and precipitated section of peach nectar in a test tube,
respectively.

2.3.2. Mineral Content Determination

The metals/minerals contents of each formulation were analyzed. Cu, Zn, As, Cd Hg, and Pb
were analyzed by inductively coupled plasma mass spectrometry (ICP-MS) while Ca, Fe, Na, and K
were analyzed by atomic absorption spectroscopy (AAS) (Cassani et al., 2018). In this study, the wet
digestion method was used. Approximately 5 ml of well-mixed formulated juice was transferred to
a 100 ml beaker. 5 ml of Nitric acid (65%) was added and covered with a watch glass. The mixture
was heated to 95 °C on a hot plate. Digestion continued till no brown fumes evolved and the solution
became clear and colorless. The digested sample is diluted to the known volume and analyzed in
ICP-MS/AAS.

2.3.3. Physicochemical Properties (pH, Total Soluble Solids, and Total Acidity)

The pH of functional peach nectar samples was analyzed using a pH meter (Fan Azma Gostar,
Iran). A refractometer (handheld type) was used for evaluating the total soluble solids (g/ 100 g) of
formulations. The titration method was used to measure the total acidity of the samples
(CassaniTomadoni et al., 2018). 5 ml of samples were transferred to a 250 ml beaker and 50 ml of
boiled distilled water was mixed with the sample. This solution was titrated by NaOH (0.1 N) up to
the pH of 8.2 + 0.1. Total acidity was calculated according to citric acid (g/ 100 g) using Eq. (2):

Eq. (2): Acidity = [X01x0:064x100
q- (2): Acidity = S
Where V (ml) is the volume of NaOH, and S (ml) is the volume of samples.

2.3.4. Formalin Index

Formalin index measurement was conducted according to Ranganna, (1986). This assay is used
to determine amino acids in fruit juice. First of all, 35% formaldehyde solution was neutralized, using
the titration method with 0.1 N NaOH. 25 ml of each sample, was titrated with 0.1 N NaOH solution
until reaching the pH=8.1. 10 ml of neutralized 35% formaldehyde solution was added to it and mixed
for one minute. Then, the whole solution was titrated with 0.1 N NaOH. Formalin index was
calculated by Eq. (3):

d0i:10.20944/preprints202502.0236.v1
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VXNX10x100
Vo

Eq. (3): Formalin index =

Where, V, is the volume of consumed NaOH (ml), N, is the normality of NaOH, and, Vo, is the
volume of sample (ml).

2.3.5. Total Phenolic Content (TP)

Total phenolic content was determined according to the method of Cassani et al., (2018). Using
the Folin-Ciocalteu reagent (FCR). The calibration curve was prepared using gallic acid (0-100 ug/
ml). 1 ml of diluted samples (1/10) was mixed with 5 ml of FCR (10%). A blank sample was obtained
using 1 ml of gallic acid with 5 ml of FCR (10%). Then 4 ml of saturated sodium carbonate was added
to the solution and kept at room temperature for 2 hours. The absorbance of samples was evaluated
at 765 nm using a UV-Vis spectrophotometer (UV-1700, Shimadzu, Japan), and total phenolic content
was estimated as mg of gallic acid equivalent (GAE) per 100 ml of sample.

2.3.6. Total Flavonoid Content

Total flavonoid content was evaluated according to (Cassani et al, 2018) with some
modifications. 1 ml of diluted samples (1/10) was mixed with 3 ml methanol 95%, 0.2 ml aluminum
chloride 10%, and 0.2 ml 1 M acetate potassium. The volume of solution reached 10 ml using methanol
80%. After stirring the mixture, and maintaining it at room temperature for 1 hour, the absorbance
was determined at 415 nm using a UV-Vis spectrophotometer. Total flavonoid content was stated as
mg of quercetin equivalent/ 100 ml of the formulation according to the standard curve prepared in
the range of 0.05-1.2 g/L.

2.3.7. Vitamin C Content

The vitamin C content of peach nectar formulations was measured according to the method
reported by Tareen et al. (2015). In this method, 5 ml of samples were mixed with 45 ml distilled
water and transferred to a 125 ml Erlenmeyer flask. Then, mixed with 10 drops of indicator (1 %
starch solution). Iodine solution (0.005 mol/L) was used to titrate this solution until the blue-black
color appeared in solution. The iodine solution preparation was as following method: 2 g of
potassium iodide (KI) was dissolved in 100 ml of distilled water. Then, 1.3 g of iodine was added to
the solution. Finally, the solution was diluted to 1000 ml with distilled water. Vitamin C concentration
was calculated according to Eq. (4):

Eq. (4): Vitamin C (mg/100 ml) =10 x 17.6 x V

Where V (ml) is the volume of iodine solution used in the titration.

2.3.8. Fiber Content

The fiber content of optimum samples was conducted according to ISO 5498: 1981. Fortified
peach nectar samples, were dried, using a freeze drier (Daneshpazhoohane fajr Co, Iran). 5 g of each
dried sample underwent acidic and alkali digestion with sulfuric acid and NaOH solution,
respectively. Dried in an oven and then converted to ash. Fiber content was calculated according to

Eq. (5):
Eq. (5): Fiber content (g)= [m; — m,] x —

mo
Where m,, the weight of the sample (g), m;, the total weight of the sample and bush after drying
(g) and m,, the total weight of the sample and bush, after converting into ash (g).
2.3.9. Measurement of Lycopene and Lutein Content

Lycopene content measurement was done according to (Khamis et al, 2017) with some
modifications. The lycopene standard curve was prepared using a spectrophotometer and the
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lycopene content of the samples was determined using this curve. Briefly, 0.3 ml of each sample was mixed
with 10 ml hexane and 5 ml of 95% ethanol and centrifuged at 2000 rpm for 3 min. The upper phase
was measured spectrophotometrically at 472 nm to obtain the concentration of lycopene. Samples
were kept at 4 °C in dark containers and this measurement was conducted for 2 months of storage
time.

Lutein content measurement was conducted according to (Jalali Jvan & Abbasi, 2018) with some
modifications. The lutein standard curve was prepared using a spectrophotometer and the lutein
content of formulations was achieved through this curve. 0.5 ml of each sample was mixed with 10
ml acetone and centrifuged at 2000 rpm for 5 min. The content of lutein was reached by measuring
the upper phase at 446 nm using a spectrophotometer. Samples were kept at 4 °C in dark containers
and this assay was conducted for 2 months of storage time.

2.3.10. Lycopene and Lutein Degradation Kinetics

Zero-order reaction, Eq.(6), first-order reaction, Eq.(7), and second-order reaction, Eq.(8) were
used to evaluate lycopene and lutein degradation rate during two months of storage time (Liu, Liu,
Bi, Cao, Ding, & Peng, (2019)).

Eq.(6): zero-order reaction—> Cao-Ca-Ko.t
Eq.(7): first-order reaction— In Ca- In Cao=-Ki.t

Eq. (8): second-order reaction — L =Ket
Ca Cao

Where Caois the initial added lycopene amount (ug/100ml), Cais measured lycopene (g/100ml), K,
constant the reaction rate constant, and t is time (week)

2.3.11. Steady Shear Rheology

Steady shear rheology tests were carried out using a Physica MCR301 Rheometer (Anton Paar,
Germany) equipped with a couette flow measuring cell (Ref. DG27/T2000/SS). Sample temperature
was achieved at 20 0.1 °C using a Peltier system and a fluid circulator Viscotherm VT 2 controlled
directly from the Physica MCR. After 5 min of thermal stabilization, each sample was analyzed in 15
points, and with 5-second intervals, to achieve shear stress and apparent viscosity at a shear rate of 0
to 50 s (Laux et al., 2013).

2.3.12. Sensory Evaluation

To determine the sensory properties of 6 optimum formulations, 30 ml from each sample were
served in transparent plastic cups. Sensory evaluation of the fortified peach samples was done
through a 5-point Hedonic scale where 1 equals extremely dislike and 5 equals extremely like
(Gunathilake et al., 2013). The panelists consisted of 30 members (semi-trained men and women aged
24 to 34) who evaluated the desirability of taste, color, flavor, mouth feel, concentration, sweetness,
and overall acceptability of different formulations.

2.3.13. Turbidity

Optimum formulations were evaluated to determine their turbidity (Bashiri et al., 2020). For this
purpose, samples were diluted 1 to 10 with distilled water. Measurement was done using a
turbidimeter (portable 2100P, Hach Co. Loveland, CO, USA) with a range of 0-1000 NTU
(nephelometric turbidity units). Turbidity standards with a range of 0.5 to 100 NTU were used to
calibrate the turbidimeter. Turbidity measurement was done in triplicate and calculated during Eq.

9):
Eq.(9): NTU= &0
A is NTU calculated in different diluted formulations, B, is the volume of dilution water, mL,
and C, is the sample volume taken for dilution, mL.
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2.3.14. Color Evaluation

Color measurement of samples was done to determine the effect of each formulation on the final
product's color properties. This assay was done using a Hunter lab (CHROMA METER CR-400,
Japan). Picture analyzed using Photoshop 8 software. This software provides L, the amount of
darkness and lightness (black=0 and white=100), a, the amount of redness, and b, amount of
yellowness (Arya, & Shakya, 2021).

2.3.15. Antioxidant Properties
DPPH Radical Scavenging Capacity

The antioxidant activity of formulations was evaluated through 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical scavenging activity applying the method of Viacava & Roura (2015) with some
modification. 0.1 ml of samples (1/10 dilution) were mixed with 3.9 ml of DPPH solution (100 uM). It
was shaken vigorously and kept in a dark place at room temperature for 30 min. Antioxidant activity
of the samples was reported as the DPPH radical's inhibition percentage according to Eq. (10):

Eq(10). Inhibition (%)= AC;—CAS x 100
Where Ac is the absorbance of the control (methanol and DPPH solution) and As is the
absorbance of the formulation (sample and DPPH solution)

ABTS Assay/ TEAC (Trolox Equivalent Antioxidant Capacity)

ABTS (2,2'-azino-bis (3-ethylbenzothiazolline-6-sulfonic acid) radical cation scavenging activity)
assay was done on optimum formulations according to Kwaw et al., (2018) with some modifications.
Briefly, a 7 mM ABTS solution was mixed with a 2.45 mM K2S208 (potassium persulfate) in a 1:1
(v:v) ratio and left in the dark for 16 hours to react. Then this mixture was diluted with phosphate-
buffered saline until reaching an absorbance of 0.70+0.02 at 734 nm in a spectrophotometer. 20
microliter of each well centrifuged and the samples' upper phase was mixed with diluted ABTS and
K25:0s solution. After vigorous vortex and spending 6 minutes in the dark place, the absorbance of
each sample was read at 734 nm and the ABTS percentage was calculated during Eq.(11) :

Eq (11) ABTS%= (Acontrol - Asample)/Acontrol %100

Where, Acontrol, is the absorbance of ABTS and K25208 solution without the addition of sample,
and Asample, is the absorbance of ABTS and K25208 solution with added sample.

TEAC value is mM concentration of TOROLOX which equals 1 mM of the sample's antioxidant
capacity. This value is based on an antioxidant’s ability to scavenge ABTS °* radical cation
(Tyrakowska et al., 1999). TEAC value is the ratio between the slope of the ABTS scavenging activity
of the analyzed sample’s curve and the slope of the ABTS scavenging activity of the Torolox
(antioxidant standard) curve.

Eq.(12) - TEAC value =

The slope of the curve for ABTS scavenging by sample
The slope of the curve for ABTS scavenging by TOROLOX

Reducing Power Capacity

To evaluate of antioxidant properties of optimum formulations reducing power capacity (RP-
CA) assay was used according to the method described by Kwaw, et al.,(2018) with some
modifications. 1 ml of each sample (1:100 diluted), was mixed with 0.05 ml of HCL (0.01 M), 0.4 ml
of potassium ferricyanide (KsFe(CN)e (0.02 M), 0.4 ml of ferric chloride (FeCls) 0.02 M and 0.7 ml of
distilled water. The mixture was incubated at 37 °C for half an hour. After the reaction, the mixture
is centrifuged to remove any precipitates. Absorbance was read at 720 nm in a spectrophotometer.
The RP-CA value of optimum formulations was expressed as mM of ascorbic acid.

d0i:10.20944/preprints202502.0236.v1
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2.4. Experimental Design and Statistical Analysis

A D-optimal mixture design with two mixture factors (independent variables) was used for the
development of the carotenoids/fibers-fortified peach nectars. The first factor was the different ratios
of two carotenoids, i.e. lycopene and lutein with a total carotenoid of 6 mg / 250 ml peach nectar. The
second factor was the different ratios of three dietary fibers (bamboo fiber, citrus fiber, and
polydextrose) with a total fiber of 6 g / 250 ml peach nectar. Design Expert software (Version 11.0.3.0,
State-Ease Inc., Minneapolis, USA) was used for the experimental design and statistical analysis. The
software presented 20 formulations with 4 replicates based on mixture design (Table 1). DPPH
inhibition activity and physical stability (against sedimentation) were selected as responses
(dependent variables). The data of responses were analyzed by Design Expert statistical software for
obtaining the regression model with the high fitting degree and selecting the optimum formulations.
The following equation was fitted to the data:

Eq. (13): Y = By + X, BiX; + Xiy BuX? + 2%_11 Yoo BiiXiX;

i<j
Where Y is a response variable, k is the number of variables, Xi and Xj are independent variables in
coded units, i, Bi, and i are the measures of the X, Xj, X?, and XiX; of linear, quadratic, and
interaction effects, respectively, and fo is a constant coefficient.

Further experiments were done on the optimum formulations (6 samples). The resulting data
were analyzed by analysis of variance (ANOVA) and significant differences (p < 0.05) were
determined by Duncan's multiple range tests using SPSS software (Version 22, SPSS Inc., Chicago,
IL, USA).

3. Results and Discussion
3.1. D-Optimal Mixture Optimization

A D-optimal mixture design was utilized to obtain the optimum formulation based on two
mixture variables (i.e., polydextrose/orange fiber/bamboo fiber and lutein/lycopene). According to
this experimental design, the effects of fibers ratio (at a constant concentration of 6 g / 250 ml peach
nectar) and carotenoids (at a constant concentration of 6 mg / 250 ml peach nectar) on dependent
variables (physical stability and DPPH antioxidant inhibitory) were analyzed (Table 1 and Figure 1).
The amounts of statistical parameters, calculated by design-expert software, are presented in Table 2
and Table 3. Due to the significance of suggested models (Fvalue= 2203.4 and 725.32), non-
significance of the lack of fit (L.F=0.499 and 0.3), the adequacy of accuracy (>4), and a high coefficient
of determination (R?= 0.941 and 0.911), it could be claimed that the fitted models are valid and
accurate to predict physical stability and DPPH inhibitory (the dependent variables.) The physical
stability data (%), and DPPH antioxidant inhibitory (%) showed the highest degree of fit in the linear
and mean models, respectively (Table 2). According to the table of ANOVA, the interaction and
quadratic coefficients for stability and also linear and quadratic coefficients for DPPH antioxidant
assay were non-significant and so these factors were deleted. The final fitted equations with the
significance coefficients were:

Eq. (14): Y1=87.32X1+57.19X2+45.71X3
Eq. (15):  Y2=75.44X1Xa +90.42X1X5+ 53.35 XoXa+ 59.18 X2X5+ 46.06 XsX4 + 46.78 X3X5
Where Y1 and Y: are stability and DPPH antioxidant inhibitory, respectively.
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Figure 1. Perturbation plots showing the effect of Independent factors on the responses. Effect of fibers portion

on (a) Stability and (b) DPPH inhibitory and (c) carotenoid portion on DPPH.

Table 2. The suggested fitted models for different responses and model summary statistics in mixture D optimal

design for the peach nectar formulations.

Suggested Sequential p-  Partial Sumof Lack  Model Summary Adeq CV

Source Models value Squares s of Statistics (MSS) Precisi %

Mix  Proce Mix Proce Sum  Mean Fit R2 Adj- Pred on

Orde ss ss of Squar (LO R? -R?
r Orde Squar e F)
r es
Stabilit Line Mean <0.000 - 44069 2203. 049 0.94 093 092 3252 579
y ar 1 0 5 93 57 68
13
Line Linea <0.000 0.020 3626.5 7253 0.32 088 082 20043 7.24
DPPH 0.91
ar T 1 7 9 2 25 67 04
inhibito 14

ry



https://doi.org/10.20944/preprints202502.0236.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 February 2025 d0i:10.20944/preprints202502.0236.v1

10 of 35

Table 3. Regression coefficients for the response variables and analysis of variance of the regression models.

Source Stability DPPH inhibitory
F-value p-value F-value p-value
X1XaXs 0.12 0.7305 1.50 0.2395
X2XaXs 0.040° 0.8451 0.21 0.6560
X3XaXs 0.064" 0.8036 1.30 0.2713

Values are represented as mean + SD (n = 3), ns, *P indicated significant differences at the 0.05 level.

The triangle diagram (Figure 1(a)) showed that stability depends on the proportions of
polydextrose, orange fiber, and bamboo fibers. A triangle diagram is used in mixture design to
represent the relationships between three components of a mixture. This type of diagram is
particularly useful for visualizing how different proportions of the components affect the response
variable. This type of diagram is essential for optimizing formulations and understanding the
interactions between different components in a mixture Increment of polydextrose percentage from
16.66 to 100 %, the stability from 47 to 88%. Different peach nectar samples had stability from 42 to
88%. Adding bamboo fiber resulted in a severe decrement in stability at higher concentrations.
Stability results are reasonable due to the high solubility of polydextrose and high insolubility of
bamboo fiber in water. According to (Figure 1(a)), the higher ratio of polydextrose to citrus and
bamboo fibers increased the physical stability of peach nectar. The proportions of carotenoids were
not significantly effective on physical stability.

Fiber and carotenoid content had an interaction effect on the response of the DPPH antioxidant
inhibitory test. DPPH antioxidant inhibitory ranged from 42 to 85% and increased with increasing
the percentage of polydextrose (Figure 1(b)). It can be understood from the results that the radical
scavenging activity of juices was more dependent on polydextrose portion than citrus fiber and
bamboo fiber amounts and likewise physical stability, the highest DDPH inhibitory was achieved at
a higher ratio of polydextrose to citrus and bamboo fibers. As well as lycopene had a greater effect
than lutein on this property (Figure 1(c)). Lines in the counter diagram, connect points of equal
response value, making it easier to see the regions of optimal response and the interaction effects
between the two components. Considering this contour diagram, at the highest ratio of lycopene to
lutein, and polydextrose to citrus fiber, the highest amount of DPPH inhibitory was achieved.

Zong et al., (2021), reported an increment of DDPH antioxidant activity, after polydextrose
addition. Antioxidant inhibitory activity depends on different parameters. One of them is the free
OH group. Bamboo shoots contain phytosterol, and it could be claimed that bamboo fibers contain
phytosterol too. Phytosterols with a free OH group could show antioxidant activity (Chongtham et
al., (2011)). Citrus fiber is a rich source of pectin. Pectin has free OH groups and could be considered
one of the effective antioxidant parts of the formulation. (Lundberg, et al., (2014)). Carotenoids act as
singlet quenchers and provide antioxidant activity. Also act as other antioxidants' stabilizers
(Gruenwald, 2009). Cassani et al., (2018), prepared fiber-enriched strawberry juice and evaluated
their DPPH antioxidant properties. Lakzadeh et al., (2019), fortified pomegranate juice with inulin.
DPPH assay showed that fortified juice samples, especially the one with 5% inulin, could retain their
antioxidant properties more than the control sample.

To overall optimization of fortified peach nectar formulation, the goal of higher stability and
DPPH antioxidant activity were considered, and evaluation of the results was done according to
desirability function, where higher than 0.7 is a sign of optimum conditions. The highest desirability
was achieved by the formulation with 100% polydextrose and 100% lycopene (F8) with a desirability
of 0.997. This formulation showed 88% of stability and 85% of DPPH antioxidant activity. To evaluate
the validity of regression models, a comparison of actual data with the predicted values from the
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model took place, which was -0.7 for stability and -6.37 for DPPH antioxidant activity. F2, F9, F11,
F17, and F18 were selected in addition to F8 for further analysis, due to their high stability and/or
DPPH antioxidant activity.

3.2. Mineral and Trace Elements Measurement

The mineral and trace element content of the selected functional peach nectar has been shown
in Table 4. F17 sample (containing 1g bamboo fiber, 4 g orange peel fiber, and 1g polydextrose)
showed the highest calcium, magnesium (Mg), and copper (Cu) content, and F18 (containing 6 g
orange fibers) had the highest sodium (Na) and zinc (Zn). None of the samples contained some trace
elements including arsenic (As), cadmium (Cd), chromium (Cr), mercury (Hg), nickel (Ni), lead (Pb),
and selenium (Se).

Table 4. The Mineral and trace element content (mg/kg) of the selected fortified samples.

sampl Al As Ba Ca Cd Cr Cu Fe Hg Mg Mn Na Ni Pb Se Zn

c

F2 1.8 N. 005 50. N. N 013 23 N. 30. 015 77. N N. N. 0.85
1 D 4 1 D D 2 8 D 7 6 1 D D D 6

F8 1.5 N. 0.04 40. N. N 014 27 N. 31. 015 92. N N. N. 2.75
8 D 8 6 D D 6 3 D 2 3 6 D D D

F9 1.3 N. 0.04 46. N. N 012 35 N. 30. 015 82 N N. N. 0.86
5 D 4 6 D D 3 1 D 4 2 D D D 7

F11 1.3 N. 009 38 N. N 0.10 1.6 N. 26. 016 64. N N. N. 0.66
6 D 0 9 D D 5 9 D 9 7 8 D D D 7

F17 2.0 N. 007 101 N. N 016 25 N. 38. 019 74 N N. N. 0.74
2 D 4 D D 4 1 D 2 7 9 D D D 4

F18 14 N. 0.06 54. N. N 008 25 N. 37. 027 248 N N. N. 0.52
2 D 8 6 D D 4 5 D 1 4 D D D 5

The two types of trace elements in biochemistry are classed as essential or non-essential. Silver
(Ag), cadmium (Cd), mercury (Hg), and lead (Pb) are non-essential trace elements. They have no
known biological function in mammals, with toxic effects even at low concentrations.

Chongtham et al., (2011), declared that bamboo shoots (source of bamboo fiber) have a high
amount of mineral content such as K, P, Na, Mg, Ca, and Fe. According to a report by Czech et al.
(2020) citrus fruits contain minerals such as potassium, iron, zinc, and copper.

3.3. Physicochemical Properties of Fortified Peach Nectars

The physicochemical properties including Brix, acidity, pH, and formalin index were analyzed
in 6 optimum fortified drinks and control one (without adding fibers and carotenoids) (Table 5). Brix
degree shows the total soluble solids of fruit juices including sugars (sucrose, glucose, and fructose)
as well as other soluble substances like organic acids. The control sample and F8 showed the lowest
(12.20) and highest (14.53) Brix values, respectively which could be attributed to the high solubility
of polydextrose and its role in increasing Brix.
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Table 5. Brix, acidity, pH, and formalin index of the control sample and selected fortified samples.

samples Brix Acidity (g/100ml) pH Formalin index(ml/100ml)

control 12.20+0.01# 0.40+0.01P¢ 3.13+0.022 5.00+0.012
F2 14.23+0.02° 0.45+0.012 3.13+0.012 4.96+0.022
F8 14.53+0.022 0.39+0.02¢ 3.04+0.012 4.96x0.012
F9 13.80+0.01¢ 0.40+0.02b¢ 3.11+0.022 4.91+0.012
F11 12.37+0.01 0.40+0.01"¢ 3.09+0.022 4.92+0.012
F17 13.00+0.02¢ 0.40+0.01b¢ 3.23+0.012 4.95+0.022
F18 14.00+0.03¢ 0.41+0.02> 3.17+0.022 4.91+0.022

Different letters show a significant difference between samples at the 5% level of the Duncan test.

The F2 sample showed the highest (0.45 g/100 ml) acidity values and F8 had significantly lower
acidity than the F2 and F18 samples. According to Nagpal et al. (2012), dietary fibers can increase the
acidity of fortified fruit juice. However, there was no significant difference between the pH values of
the samples.

The formalin index, also known as the formol number, is a measure of the free amino nitrogen
present in food products like fruit juices and nectars. It's used to assess protein quality by indicating
the amount of free amino groups that react with formaldehyde during the formol titration. It is an
indirect indicator for measuring the percentage of fruit in the juice. There was no significant
difference between the formalin index of samples which could be attributed to no considerable
change in amino acid /protein contents of samples. In similar work, Hosseini et al (2016) produced
synbiotic industrial apple juice and reported that the addition of inulin to apple juice did not have a
significant effect on the formalin index. In a research done by Cassani et al. (2018), they reported no
significant difference between non-fortified and fortified strawberry juice with inulin, oligofructose,
vanillin, and apple fiber in terms of brix and titratable acidity on the first day of production. In the
other work, Renuka et al. (2009) produced a functional drink containing fructooligosaccharide based
on a blend of ripe pineapple, mango, and orange juice. They reported no significant changes in Brix,
titratable acidity, and pH on production day and during storage time. Salinas et al. (2021) fortified
apple juice containing dietary fiber and xanthan gum and reported stable pH amounts for both, heat
treated and untreated samples.

3.4. Total Phenolic Content (TPC) Analysis

Polyphenols include different secondary metabolites with aromatic rings that have one or more
hydroxyl moieties and are the prominent reason for antioxidant properties in fruit and vegetable
juices (Han et al., 2007). There is a significant difference in total phenol content (TPC) between the
selected fortified samples (Figure 2(a)). The highest TPC was observed in the F9 sample which had a
low portion of bamboo (1g/ 250 CC) dietary fibers and a high portion of lycopene (4.5 mg/ 250 CC)
and after it, the sample F17 had the second highest amount of phenol content. These could be
attributed to various interactions between some of the dietary fiber components (polysaccharides)
and some of the phenols in peach nectar. It seems in current research, bamboo fibers had a more
negative effect on the phenolic compound content of peach nectar. The interactions between phenolic
compounds and dietary fiber ingredients may decrease their bioavailability, thereby affecting the
nutritional and antioxidant functional effects of foods and beverages. However, on the other hand,
this can have a beneficial effect due to lack of absorption in the small intestine and so transportation
to the large intestine where fermentation of fibrous material occurs which in turn helps to maintain
the health of the gut. Carotenoids like lycopene and lutein can influence the total phenolic content in
fruit juices because these compounds are known for their antioxidant properties and can affect the
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stability of phenolic compounds during processing and storage. The results of current research
showed that lycopene had a greater effect on total phenolic content than lutein.
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Figure 2. (a) Total phenolic and (b) total flavonoid contents of selected peach nectar formulations and control
sample. Different letters show significant differences between samples.

Consistent with current research, Quirds-Sauceda et al. (2014) reported that the addition of
dietary fibers extracted from tropical fruits (including mango, pineapple, papaya, and guava) caused
to 5-25% decrease in total phenol content of the same fruit extracts. Tomas et al. (2022) investigated
the effect of pectin fiber addition on the total phenolic content of red raspberry puree. They declared
that the total phenolic content of raspberry puree decreased with increment of pectin from 2.5 to 5%.
On the other hand, Cassani et al.(2018) studied the total phenolic content of enriched strawberry juice
with inulin, oligofructose, vanillin, and apple fiber and they reported that only the formulations with
vanillin showed significant differences in the non-fortified sample.
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3.5. Total Flavonoid Content

The total flavonoid content of all samples is shown in Figure 2(b). Sample F17 (containing 4 g
citrus fiber, 1g bamboo fiber, 1g polydextrose, 4.5 mg lutein, and 1.5 mg lycopene) showed the highest
flavonoid content. On the other hand, the F2 and F11 samples had the lowest one and had no
significant difference from the control sample. Tomas, (2022), showed that an increment of fiber
content (pectin) from 2.5 to 5% in red raspberry puree, resulted in decrement in flavonoids such as
quercetin and rutin in it. It seems, the effect of dietary fibers on the flavonoid content of fruit juices is
complex and depends on multiple factors, including the type of fiber, the processing method, and the
specific flavonoids present. The presence of dietary fibers can influence the extraction and stability
of flavonoids during juice processing. Dietary fibers may bind to flavonoids, which can affect their
bioavailability and antioxidant capacity in the juice. On the other hand, orange dietary fibers contain
flavonoids (such as hesperidin and naringenin) and also vitamin C which potentially can increase
flavonoid content and stability in the fortified juice (Magbool, et al. 2023).

3.6. Vitamin C Content

The vitamin C content of the selected fortified peach nectar samples is presented in Figure 3. As
shown, the F18 sample (containing 6g orange dietary fiber and 6 mg lutein) had the highest vitamin
C content which could be attributed to the presence of vitamin C in orange dietary fiber. Dietary
fibers can affect the vitamin C content of fruit juices, primarily through interactions during processing
and storage. The presence of dietary fibers may influence the stability and bioavailability of vitamin
C. However, the most significant factors affecting vitamin C content in juices are storage conditions
and temperature. For instance, vitamin C losses can occur in juices stored at higher temperatures,
and the type of packaging can also impact vitamin C stability, with glass containers generally
preserving vitamin C better than plastic ones (Feszterova et al., 2023).
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Figure 3. The vitamin C content of the selected peach nectar formulations and control sample. Different letters

show significant differences between samples.

3.7. Fiber Content

The fiber content of selected fortified peach nectar has been presented in Figure 4. The F11
sample (containing 6 mg lutein and 6 g bamboo fiber) and the control sample showed the highest and
lowest amount of fiber, respectively. This could be attributed to the lower solubility and higher
stability of bamboo fiber against high acidity and pasteurization temperature. The formulations
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containing a high amount of polydextrose showed lower fiber content from samples containing
bamboo and orange fiber which could be attributed to the high solubility of polydextrose. Bamboo
fiber is a white powder without taste or smell, which is produced through alkaline hydrolysis of
bamboo stalks and after chemical purification. It consists of cellulose (70-74%), hemicellulose (12-
14%), (10-12%), and other components such as protein, pectin, and wax (2-3%) (Santos et al., 2019;
Hakim et al, 2020). Bamboo fiber has been found to have good water retention and swelling capacity
(having the ability to absorb water 5 to 6 times its weight), oil holding capacity, glucose adsorption
capacity, and glucose retardation index (Chongtham et al., 2011). Among the agricultural products,
the waste from orange processing is a rich source of fiber that can be used as dietary fiber in the food
industry. This fiber is obtained from the inner part of the orange peel and includes soluble fiber of
pectin type (~40%) and insoluble fiber of cellulose and hemicellulose type (~60%). In addition to the
soluble and insoluble fiber, orange fiber has a certain amount of protein in its composition, which
allows it to be well emulsified with water and fat in food formulations and bioactive compounds like
hesperidin, naringenin and vitamin C (Lundberg, 2005; Dello Staffolo et al., 2017). Polydextrose is a
synthetic non-digestible, highly branched polysaccharide with a low molecular weight (average
degree of polymerization of 12). It mainly consists of D-glucose units with alpha-type linkage (1 to 6)
in some parts of which there are bonds with sorbitol and citric acid. Polydextrose is known as a
dietary soluble prebiotic fiber and creates a texture and rheology similar to sucrose in food and
beverages but with fewer calories (Beristain et al., 2006). It does not have any unpleasant color and
taste, masks the off-flavor of beverages caused by high-intensity sweeteners and nutritional
supplements, and increases consistency without creating turbidity. It also has excellent solubility and
stability in acidic pH and different temperatures (Roger 2014). Polydextrose is classified as a soluble
fiber by the US FDA and Health Canada and is often used to increase the dietary fiber content of
various foods and beverages, as well as to replace sugar and reduce calories (Naseem, et al., 2023). It
also has prebiotic properties, promoting the growth of beneficial gut bacteria. Bamboo fiber and
orange juice fiber often contain both soluble and insoluble fibers, which can contribute to a higher
overall fiber content (la Pefia, et al.,2020). Several factors can influence the fiber content in fortified
fruit juice including (1) the type of fiber used (their solubility and stability), (2) processing methods,
(3) storage conditions, (4) pH Levels, (5) interactions with other ingredients, and (6) fortification
techniques (Bordenave, et al., 2020). Different types of dietary fibers, such as soluble and insoluble
fibers, have varying stability and solubility in juice. The methods used to process the juice, such as
pasteurization, can impact the stability and effectiveness of the added fiber. High temperatures might
degrade some fibers, reducing their effectiveness. The conditions under which the juice is stored,
including temperature and light exposure, can also affect the stability of the fiber. On the other hand,
the acidity of the juice can influence the solubility and stability of the fiber. Some fibers are more
stable in acidic environments, while others may degrade (Kore et al., 2023). The presence of other
ingredients, such as vitamins and minerals, can also interact with the fiber, affecting its stability and
functionality. The method used to incorporate the fiber into the juice, whether through direct addition
or encapsulation, can also play a role in maintaining its content and effectiveness (Khanpit et al.,
2021).
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Figure 4. The fiber content of the selected peach nectar samples. Different letters show significant differences

between samples.

3.8. Lycopene and Lutein Stabilities

Carotenoids have double bonds in their carbon chain so they are sensitive to oxidation and
isomerization during storage or processing. Lycopene content and stability (retention) of selected
fortified peach nectar during 8-week storage at 25°C have been showed in Figure 5 (a). The F9 sample
(containing 4.5 mg lycopene, 1.5 mg lutein, 4 g polydextrose, 1g bamboo fiber, and 1 g citrus fiber)
showed the highest amount of lycopene in the first day and during 2 months of storage. This probably
relates to the higher solubility of polydextrose which leads to higher protection during pasteurization
and storage. The lycopene content of all samples decreased during 2 months of storage. The stability
of carotenoids in fruit juices is dependent on different parameters including external factors (such as
the intensity of thermal treatment, temperature of storage, presence or absence of light, packaging
type, and layers), and internal factors (such as the chemical compositions of the fruit juice, presence
of natural antioxidants, pH, concentration of metals, enzymes, and dissolved oxygen) (Provesi et al.,
2011). Therefore, controlling these parameters during processing and storage is crucial for
maintaining the quality of lycopene-containing juices (Kaddumukasa et al, 2017). The concentration
and type of fiber can influence the stability of lycopene in fruit juices. It's important to note that the
impact of fiber on lycopene stability can vary greatly depending on the type of fiber, its concentration,
and the processing conditions of the juice. For instance, certain fibers may provide a protective effect
against lycopene degradation by binding to it and preventing oxidation, while others might not offer
the same level of protection (Srivastava et al.,2023). The interaction between the fiber and lycopene
can affect not only the stability but also the bioavailability of lycopene, which is crucial for its health
benefits. Therefore, when developing fortified fruit juices or studying the stability of nutrients like
lycopene, the choice and concentration of dietary fibers must be carefully considered to ensure the
desired nutritional and stability outcomes (Provesi et al., 2011; Perkins-Veazie et al., 2001). Pasupuleti
& Kulkarni (2014) prepared the lycopene-enriched guava beverage by incorporating tomato puree
into guava pulp, which improved the sensory and nutritional quality of the beverage. They reported
that the guava beverage containing 6% tomato puree had acceptable color, flavor, and overall quality.
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Figure 5. Lycopene (a) and lutein (b) stabilities in the selected peach nectar formulations during 8 weeks of

storage. Different letters show significant differences between samples.

Lutein content and stability of the selected fortified peach nectar have been measured during 8-
week storage at 25°C (Figure 5 (b)). The samples of F11 (containing 6 mg lutein and 6 g bamboo fiber)
showed the highest amount of lutein on the first day and during 6 weeks of storage, however, in the
8th week, F2 (containing 4.5 mg lutein, 1.5 mg lycopene, 4 g polydextrose, 1g bamboo fiber, and 1 g
citrus fiber) showed the highest one. The results showed the lutein content of all samples decreased
during 2 months of storage. Lutein is a sensitive compound that can be affected by various factors,
including the composition of the juice and interactions between ingredients such as dietary fibers and
natural antioxidants, temperature (especially higher than 50 °C), light (especially blue light in the
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range of 450—485 nm), oxygen (so, need to high oxygen barrier packaging), and pH (especially in
acidic conditions i.e pH below 4) (Bhat et al., 2024). These factors can influence the rate at which lutein
degrades, affecting its color, bioavailability, and nutritional value. They are also critical when
considering the processing and storage conditions for lutein-enriched products to ensure maximum
retention of the nutrient's beneficial properties. Mesnier, et al. (2014) fortified a lemonade-type
beverage with the emulsion of algal-extracted mixed carotenoid and evaluated the effect of ascorbic
acid and rosemary extract on the preservation of carotenoids against light and heat. They reported
that ascorbic acid provides good protection against sunlight, while rosemary extract preserves
carotenoids against both sunlight and heat.

3.9. Lycopene and Lutein Degradation Kinetics

Determining the degradation kinetics of carotenoids in foods can be useful for several reasons:
(1) preserving their nutritional quality during processing and storage (Kardile et al., 2020); (2)
predicting the shelf life of carotenoid-rich foods and optimizing storage conditions (Sun et al., 2020);
(3) development of new functional and healthy food products with enhanced stability and quality
(Lavelli, and Sereikaite, 2022).; (4) maintaining consistent product quality (quality control), which is
essential for consumer satisfaction and regulation (Sun et al., 2020); (5) maintaining the visual appeal
(color and appearance) of food products because carotenoids contribute to the color of many fruits
and vegetables based food and beverages (Kardile et al., 2020).

For studying of degradation kinetics of lycopene in the selected peach nectar samples during 8
weeks of storage, the data of lycopene retention over time were fitted in zero, first, and second-order
models (Figure 6). These models help in predicting the stability and shelf life of lycopene-rich
beverages under various conditions. The kinetic parameters including coefficient of determination
(R?) and rate constants (ko, ki, and k) for all models are presented in Table 6. The first-order model
had the highest R? value in all formulations and R?> 0.94 showed a high fitting degree. The ki values
ranged from 0.112 to 0.212 day™ and the highest degradation rate constant was obtained for the F9
sample. This model is often used for carotenoid degradation and assumes that the rate of degradation
is proportional to the concentration of the carotenoid. The first-order reaction has been found to fit
well for many deterioration reactions in food and beverages (especially for thermal degradation). In
the current research, the zero-order model also showed relatively good fitting accuracy (R>>0.9) and
the ko value ranged from 17.23 to 75.4 mg.100 ml -.day. This model assumes that the rate of
degradation is constant and is independent of the concentration of the active compounds. It is often
used when the degradation rate is influenced by external factors such as light or oxygen. The second-
order model did not show sufficient goodness of fit and R?<0.79.
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Figure 6. (a) Lycopene degradation kinetics based on zero-order reaction model, (b) Lycopene degradation
kinetics based on first-order reaction model, and (c¢) Lycopene degradation kinetics based on second-order
reaction model. (d) Lutein degradation kinetics based on zero-order reaction model. (e) Lutein degradation
kinetics based on first-order reaction model and (f) Lutein degradation kinetics based on second-order reaction
model.
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Table 6. The kinetic parameters of zero-order, first-order, and second-order reactions for lycopene and lutein

degradation during 8 weeks of storage. K, the reaction rate constant, R? value.

Zero-order Reaction First-order Reaction Second-order
Degradatio reaction
Kineti
Ko( mg.100 ml'.day) R? Ki( day) R? K2(100 ml. mg.".day") R?
Sample
Lycopene
F2 20.01 0.90 0.112 0.95 0.009 0.74
F8 7541 0.95 0.147 0.94 0.0012 0.67
F9 17.23 0.95 0.212 0.95 0.001 0.66
F17 18.64 0.91 0.188 0.98 0.008 0.79
Lutein
F2 23.37 0.94 0.141 0.91 0.0004 0.76
F8 10.91 0.92 0.142 0.91 0.0008 0.65
F11 17.84 0.88 0.198 0.97 0.0006 0.54
F17 67.69 0.91 0.191 0.91 0.0009 0.69
F19 27.47 0.97 0.216 0.99 0.0009 0.55

In the selected peach nectar samples, similar to lycopene, degradation kinetics data of lutein
during 8 weeks of storage were fitted in zero, first, and second-order models. Both the first-order and
zero-order models showed a high R2value (Rz>0.9) in all formulations (Table 6). In both models, the
highest R? values were obtained in F19 samples (0.99 and 0.97). The ki values ranged from 0.141 to
0.216 day! and the ko value ranged from 10.91 to 67.69mg.100 ml -.day-. The highest ki and ko values
are obtained for the F18 and F17 samples, respectively. These values showed lutein tends to be more
stable compared to lycopene. The second-order model showed a low fitting degree and R?<0.76. High
fitting accuracy for both first-order and zero-order models probably would be due to several reasons:
(1) complex mechanisms of reaction, as lutein degradation might involve multiple steps or pathways,
some of which might follow first-order kinetics while others follow zero-order kinetics. The overall
observed degradation could then fit both models reasonably well (Li et al., 2014); (2) fitting with the
limited data range as, if the data range is limited, both models might appear to fit well. For example,
in the initial stages of degradation, the concentration changes might not be significant enough to
distinguish between the two models (Henrya et al., 1998); (3) high measurement accuracy as, high
precision in measurements can sometimes lead to high R? values for multiple models. This doesn't
necessarily mean both models are equally valid but rather that the data is very consistent (Henrya et
al.,, 1998); (4) experimental conditions as, the specific conditions under which the degradation was
studied (e.g., temperature, light exposure, presence of oxygen) can influence the reaction kinetics.
Sometimes, under certain conditions, both models can fit the data well (Li et al., 2014). Liu, et al,,
(2019) studied carotenoid degradation kinetics in carrot juice, during storage time by zero and first-
order reaction models. They reported that the first-order reaction model had better fitting than the
zero-order one. Xiao et al. (2018), investigated the degradation kinetics of carotenoids in a model
system. Zero, first and second-order reaction models were utilized for this evaluation. They reported
the first-order model as the best degradation kinetic model.
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3.10. Steady Shear Rheological Properties

The steady shear rheological properties of the selected fortified peach nectar were measured at
a shear rate of 0 to 50 s™. All samples showed non-Newtonian, time-independent, and shear thinning
(pseudo-plastic) with yield stress rheological behavior (Figure 7(a)).

The F17 sample showed the highest amount of yield stress and apparent viscosity at all shear
rate ranges which could be attributed to the presence of a high amount of soluble fiber (Figure 7 (b)).
Citrus fibers constitute from pectin hydrocolloid and their chains have a high ability to entangle and
form a network within the juice, making it thicker and more gel-like which in turn increases
consistency and yield stress of solutions (Salehi 2020). Soluble dietary fibers also can help stabilize
fruit juice by preventing the separation of pulp and liquid. This is particularly important for juices
with high pulp content. In contrast, the samples containing a high amount of polydextrose (F18 and
F8 samples) showed low yield stress and apparent viscosity which could be attributed to the low
molecular weight and low polymerization degree of this polysaccharide.
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Figure 7. The rheogams of the selected peach nectar formulations; (a) shear stress- shear rate curves and (b)

apparent viscosity — shear rate.

Shear stress - Shear rate data of samples were fitted in the Power law model and model
parameters including coefficient of consistency (K), flow index, and coefficient of determination (R2)
were calculated (Table 7). F17 and F8 samples showed the highest and lowest K, respectively. Sample
F11 (containing 6 g bamboo fiber) had the lowest flow index (0.36), indicating higher shear thinning
behavior and F18 showed the highest flow index (0.68), indicating lower shear thinning property. In
other research work on some fruit juices and fiber-enriched beverages, shear thinning rheology has
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been reported. Xiao et al., (2018) used the Hershel-Bulkley model to evaluate the rheological
properties of carrot juice. They reported that the flow index value varied from 0.39 to 0.89 (indicating
pseudo-plastic behavior of carrot juice) and heat treatment caused to decrease of it during storage
time. Yilmaz et al. (2010) reported shear-thinning rheological behavior in the salep beverage fortified
with lemon fiber. Zheng et al., (2017) reported shear thinning behavior for the milk pudding enriched
with bamboo fiber. They also showed shear stress-shear rate data (at 0 to 300 1/s) were well fitted in
the Hershel-Bulkley model and the increase of bamboo fiber concentration in pudding resulted in
decrement of flow index and increment of the coefficient of consistency.

Table 7. Power law model parameters of the selected fortified peach nectar.

Sample K (Pasv) n R2
F2 0.175 0.481 0.98
F8 0.102 0.517 0.96
F9 0.204 0.457 0.94

F11 0.326 0.360 0.91
F17 0.493 0.492 0.95
F18 0.053 0.685 0.99

3.11. Sensory Evaluation

Acceptable organoleptic properties are one of the most important parameters for developing
new functional foods and beverages and marketing processes. In this study, 30 semi-trained panelists
evaluated the selected peach nectar samples for their desirability of taste, color, flavor, mouth feel,
consistency, sweetness, and overall acceptability based on the five-point hedonic scale (from dislike
very much to like very much). The results of the sensory evaluation of the selected optimum peach
nectar formulations and control one (unfortified peach nectar) have been shown in Figure 8. The
control sample showed a higher color score than the fortified ones and the F8 sample (containing 6g
polydextrose and 6 mg lycopene) obtained the highest color score within the optimum fortified peach
nectar. However, the F2 sample (containing 4g polydextrose, 1g bamboo fiber, 1g orange fiber, 4.5
mg lutein, and 1.5 mg lycopene) got the highest taste, consistency, sweetness, and overall
acceptability scores among all fortified formulations. According to previous research works, adding
dietary fiber to fortified fruit juices can significantly impact their sensory properties, including taste,
texture, appearance, and overall acceptability (Sun, et al., 2023). Dietary fiber can alter the mouthfeel
of fruit juices, often making them thicker and more viscous (Alqahtani, et al., 2014). This can be
perceived positively or negatively depending on the type and amount of fiber added. The addition
of fiber sometimes also introduces a slight aftertaste or bitterness, which might affect the overall
flavor profile of the juice and can be managed by balancing with other ingredients. (Lakzadeh, et al.,
2019). Fiber can potentially cause cloudiness or sedimentation in juices, which might affect visual
appeal (Chakraborty, et al., 2019). Some consumers might prefer a clearer juice, while others might
appreciate the natural look. Alqahtani, et al. (2014) reported that the fortified UHT model beverages,
containing 3% oat fiber, had higher acceptability than ones fortified with orange fiber. They declared
that particle size decrement resulted in viscosity improvement and consequently affected mouthfeel
positively. Lakzadeh, et al. (2019) showed that the inulin-enriched pomegranate juice samples,
containing 3% and 5%, inulin showed the most and the least desirability, respectively. Renuka (2009)
studied the sensory properties of the fructooligosaccharide-enriched mango, orange, and pineapple
juices. They reported no significant sensory changes in comparison with the control sample after 4
months of storage at ambient temperature. Chakraborty, et al. (2019) prepared a model beverage that
was fortified with soluble and insoluble oat bran fibers. They reported that the insoluble oat bran
fibers were effective on chalkiness, dryness, and particle sedimentation whereas, the soluble oat bran
fibers affected smoothness, sliminess, and stickiness, and total fiber content affected mouth coating,
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and thickness. Overall, the impact of dietary fiber on the sensory properties of fortified fruit juices
depends on the type and amount of fiber used, as well as the specific formulation of the juice.

Sensory evaluation

Control
5.00

F18
F17 F8
F11 F9
color aroma taste
mouth feel - Consistency sweetness

overall acceptability

Figure 8. Sensory evaluation of the selected peach nectar formulations and control sample.

3.12. Turbidity Evaluation

Turbidity is the cloudiness or haziness of a fluid or colloidal solution caused by large numbers
of individual particles that are generally invisible to the naked eye (Wang, et al. 2022). This property
is determined by measuring the portion of light scattered by dispersed particles in suspension at an
angle of 90° from the incident beam by nephelometer or measuring the absorption intensity (or
attenuation) of a light passing through the sample by spectrophotometer at a wavelength of 600 nm.
Turbidity of selected fortified peach nectar has been shown in Figure 9. The F11 sample (containing
6 mg lutein and 6 g bamboo fiber) showed the highest amount of turbidity (~510 NTU) which could
be attributed to the high amount of dissoluble bamboo fiber. The F8 and F18 samples which contained
6 g of polydextrose showed the lowest amount of turbidity which could be related to the high
solubility of polydextrose. The turbidity of fruit juices shows the intensity of light scattering by
suspended particles in solution and depends on the concentration, nature (shape, color, degree of
crystallinity), and size of suspended particles. The higher the turbidity, the more light is scattered by
the particles in the juice, resulting in a higher Nephelometric turbidity unit (NTU) or Formazin
turbidity unit (FTU) reading (Van Buren, 1989). Nonsoluble or insoluble fibers do not dissolve in
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water and remain intact as suspended solid particles. These particles can scatter light, which increases
the turbidity of the juice. So, the more nonsoluble fiber present, the cloudier the juice can appear.
Soluble fibers dissolve in water and can form a gel-like substance, making the juice appear thicker
and cloudier however have a lower increasing effect on turbidity. Some natural ingredients of fruit
juices such as proteins, starch, pectin, cellulose, pectin, polyphenols, and metals can increase their
turbidity. These compounds can be influenced by factors such as the type of fruit, the ripeness at the
time of juice extraction, and the processing methods used (Van Buren, 1989). Clarification processes
on clear fruit juices such as apple juice, including filtration and enzyme treatments, are often
employed to reduce the turbidity caused by these compounds. Changes in turbidity of fruit juices
during storage time can indicate the instability of fruit juice. The decrease in turbidity during the
storage time can be related to the sedimentation of suspended particles of fruit juice due to the
accumulation and enlargement of suspended particles. Also, the increase in turbidity may be due to
the polymerization of polyphenols, the formation of masses of non-precipitating protein particles,
and the production of metabolic byproducts by the growth of microorganisms, causing the juice to
become hazy or cloudy (Wang, et al. 2022). A clear juice with minimal turbidity is often preferred
and can be more appealing to consumers. In some cases, turbidity can be a sign of freshness,
especially in juices that are not produced from concentrate (NFC). These juices retain more of the
natural components of the fruit, which can contribute to a higher turbidity. Paquet et al., (2014),
showed that the turbidity of the enriched fruit juice-based beverages increased by adding beta-glucan
and a mixture of beta-glucan and xanthan gum in comparison to the control samples. In addition, the
turbidity of the sample containing a mixture of beta-glucan and xanthan gum was higher than the
sample containing only beta-glucan.
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Figure 9. The turbidity of the selected peach nectar formulations. Different letters show significant differences
between samples.

3.13. Color Evaluation

Table 8 presents the amount of L* (lightness value), a* (Redness-Greenness)- and b* (Yellowness-
Blueness) Hunter parameters for the selected fortified peach formulations and control sample. L
parameter ranged from 53.2 to 61.9 and the F18 (containing 6g polydextrose, and 6 mg lutein) and F8
samples (containing 6g polydextrose, and 6 g lycopen) showed the highest Lightness (61.9 and 61.2).
These results showed that polydextrose could increase the lightness of peach nectar samples and in
contrast, bamboo and citrus fiber could decrease this value.
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Table 8. L', a’, b*, Hunter parameters of the selected fortified peach nectar for color evaluation.
Sample L a b
Control 59.1+0.4> 12.6+0.1° 36.2+0.1b
F2 60.5+0.32 6.8+0.3¢ 36.0+0.2v
F8 61.9+0.52 14.6+0.02 36.4+0.1>
F9 55.1+0.2¢ 12.4+0.6¢ 33.840.2¢
F11 56.4+0.1¢ 4.2+0.24d 33.17+0.3¢
F17 56.0+0.2¢ 7.2+0.6° 44.4+0.12
F18 61.2+0.34 2.240.3¢ 32.8+0.1¢

Different letters show a significant difference between samples at the 5% level of the Duncan test.

The F8 sample showed the highest a* (14.6) which could be attributed to its high lycopene
content. The highest b* (44.4) was observed in the F17 sample (containing 4g citrus fibers, and 4.5 g
lutein) which could be related to its high lutein and citrus carotenoids content. The addition of dietary
fibers can decrease the lightness of the juice or nectar, making it appear darker. Dietary fibers might
cause a shift in the a* and b* values, depending on the type of fiber and its interaction with the juice's
natural pigments and components potentially leading to enhancing or diminishing the a* and b*
values. Overall, the impact of dietary fibers on these color parameters can vary based on the type of
fiber, its concentration, and the specific juice or nectar being analyzed (Sandi et al., 2004). Hussein
etal., (2015) investigated the chemical composition, antioxidant activity, and color parameters of jams
containing different fiber sources including carrot peels, apple pomace, banana peels, and mandarin
peels. The results showed that the addition of dietary fibers from these by-products affected the
Hunter color parameters. For instance, the jam made from mandarin peels had the highest lightness
(L* = 39.8), while the jam from banana peels was the darkest (L* = 15.19). The study concluded that
dietary fibers from different sources can significantly alter the color and sensory properties of fruit-
based products.

3.14. Antioxidant Stability
3.14.1. DPPH Antioxidant Assay

Carotenoids are known for their potent antioxidant activities, which help neutralize free radicals
and reduce oxidative stress. So, fortifying fruit juices with carotenoids like lycopene and lutein can
indeed enhance their antioxidant properties, potentially offering greater health benefits to consumers
(Artés-Hernandez, et al., 2021; Shi, et al., 2024).

DPPH antioxidant activities of the selected peach nectar formulations are presented in Figure
10. The F8 sample (containing 6 g polydextrose and 6 mg lycopene) showed the highest DPPH
antioxidant inhibitory during 8 weeks of storage which could be attributed to higher antioxidant
properties of lycopene in comparison to lutein and also better antioxidant properties of polydextrose
than bamboo and orange fibers. On the other side, the F2 sample (containing 1g bamboo fiber, 1 g
orange fiber, 4 g polydextrose, 4.5 mg lutein, and 1.5 mg lycopene) had the lowest DPPH inhibitory.
DPPH inhibitory of all samples decreased after 8 weeks' storage time. The number and arrangement
of conjugated double bonds in carotenoids play a crucial role in their antioxidant activity and this
explains the difference in antioxidant effect between lutein and lycopene. More conjugated double
bonds generally enhance the ability to quench free radicals (Lucas, et al., 2021; Merhan, 2017;
Gonzalez-Pena, et al., 2023). The main constituents of dietary fibers are polysaccharides which have
relatively antioxidant properties. Their antioxidant properties are related to their free hydroxyl (OH)
groups that can donate hydrogen atoms to neutralize free radicals. (Lundberg, 2014; Pedro et al,,
2023). The quantity and position of these hydroxyl groups, along with other structural features like
molecular weight and monosaccharide composition, play a significant role in determining the
antioxidant activity of polysaccharides (Bai, et al., 2022). Some studies have shown that lower
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molecular weight polysaccharides can exhibit high antioxidant activities, particularly in terms of
scavenging specific types of free radicals which can explain higher antioxidant properties of
polydextrose than bamboo and orange fiber (Mohan and Thirupathi, 2021; Zong, et al., 2021). Dietary
fibers can also bind to bioactive compounds such as carotenoids, polyphenols, and phytosterols,
which are known for their antioxidant properties activity (Chongtham, et al., 2011). This binding can
help stabilize these compounds and enhance their effectiveness. So, the combination of carotenoids
and dietary fibers may have a synergistic effect, meaning their combined antioxidant activity is
greater than the sum of their individual activities (Gonzalez-Pefa, et al., 2023; Rodriguez-Roque, et
al., 2016). Gerbinob et al., (2018) declared that the fiber-enriched strawberry juice showed higher
antioxidant properties compared to unfortified ones, in the DPPH inhibitory assay, during storage
time. In another research work, Lakzadeh, et al. (2019) reported fortified pomegranate juices with
inulin, especially the one with 5% inulin, could retain their antioxidant properties (evaluated by
DPPH assay) more than the control sample.
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Figure 10. DPPH antioxidant inhibitory properties of the selected peach nectar formulations during 8 weeks of

storage. Different letters show significant differences between samples.

3.14.2. ABTS Scavenging Activity Assay/ TEAC Assay

The DPPH assay method is generally more suitable for evaluating the samples with higher
lipophilic antioxidant content. However, it may not be as effective for samples with high water
content, such as fruit juices (Gaber, et al., 2023). On the other hand, the ABTS inhibition assay is one
of the most popular methods to evaluate both hydrophilic and lipophilic antioxidants in various
samples, including plant extracts and juices (Olszowy & Dawidowicz, 2018). This method involves
the generation of the blue-green color ABTS radical cation (ABTSe+), which is typically produced by
reacting ABTS (2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)) with an oxidizing agent, such
as potassium persulfate. When an antioxidant is present, it donates electrons to the ABTSe+ radical,
reducing it to a colorless form. This reduction causes a decrease in absorbance, which can be
measured at 734 nm spectrophotometrically (Cano, et al,, 2023). The extent of the reduction in
absorbance is proportional to the antioxidant capacity of the sample (Wolosiak, et al., 2022). ABTS
assay were done to evaluate antioxidant capacity of the selected optimum formulations and results
have been shown in Table 9. ABTS inhibition of samples varied from 51.22 to 83.47 % and F11
(containing 6g bamboo fiber, 6 mg lutein) and F8 (containing 6 g polydextrose and 6 mg lycopene)
showed the lowest and highest ABTS values, respectively. These results were very similar
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to DPPH assay results. The Trolox Equivalent Antioxidant Capacity (TEAC) assay measures the
antioxidant capacity of a substance by comparing it to Trolox, a vitamin E analog. This method is
popular due to its simplicity, reproducibility, and ability to compare antioxidant capacities across
different studies and substances, providing a standardized way to express antioxidant capacity
(Gaber, et al., 2023). TEAC value is m M concentration of Trolox which equals the sample's
antioxidant capacity. According to Table 9, TEAC values were between 1.33 and 2.25 mM, and F11
and F8 had the lowest and highest values, respectively. Different dietary fibers can have different
effects on ABTS and TEAC assay results. They might have their own antioxidant properties or interact
with other components in the juice, which can enhance the overall antioxidant capacity (Cano, et al.,
2023). However, some dietary fibers can bind to antioxidants, reducing their availability to react with
the ABTS radical cation, leading to an underestimation of antioxidant capacity (Gaber, et al., 2023).
Indeed, some fibers can create a physical barrier that prevents antioxidants from interacting with the
ABTS reagent. So, in current research, the peach nectars containing different fibers showed different
antioxidant capacities in the ABTS and TEAC assay. Polydextrose has low molecular weight so it
creates a less physical barrier for antioxidant compounds to interact with ABTS radicals.

Table 9. ABTS* scavenging activity, TEAC value, RP-CA value of the selected peach nectar formulations.

Sample ABTS(%) TEAC(mM) Reducing Power
F2 60.93+0.01¢ 1.61+0.01¢ 0.46+0.00°
F8 83.47+0.002 2.25+0.002 0.34+0.01>
F9 68.22+0.020 1.82+0.02° 0.29+0.01¢
F11 51.22+0.014 1.33+0.014 0.28+0.01¢
F17 69.89+0.020 1.86+0.01° 0.24+0.02<d
F18 60.01+0.03¢ 1.58+0.03¢ 0.29+0.02¢

Different letters show a significant difference between samples at the 5% level of the Duncan test.

The antioxidant activity of carotenoids in the ABTS assay is influenced by their molecular
structure. Carotenoids with more conjugated double bonds tend to show higher antioxidant activity.
Lycopene has a higher number of conjugated double bonds compared to lutein which could explain
the higher antioxidant properties of the samples containing lycopene than those containing lutein
(Bin-Jumabh et al., 2022). On the other hand, the polar functional groups and solubility of carotenoids
in the juice matrix can affect their availability to react with the ABTS reagent. Carotenoids that are
more soluble in the juice will contribute more significantly to the antioxidant capacity. Lutein has
higher solubility in water compared to lycopene (Zhang, et al., 2015) however, in current research, it
did not show a higher antioxidant capacity in fortified peach nectar.

3.14.3. Reducing Power Capacity Assay (RP-CA)

The reducing power capacity assay (RP-CA) is a valuable method for evaluating the antioxidant
properties of fruit juice and extracts due to its high simplicity, speed, reproducibility, sensitivity to a
wide range of antioxidants, and versatility (applicable to various types of samples), and cost-
effectiveness (required reagents are generally inexpensive). In this method, potassium ferricyanide
(Fe®) is reduced to potassium ferrocyanide (Fe*?) by the antioxidants of a sample. The reduced form
then reacts with ferric chloride to form a Prussian blue complex, which is measured
spectrophotometrically at 730 nm. More absorbance indicates higher reducing power and thus higher
antioxidant activity. The results are expressed in terms of the equivalent of a standard antioxidant
such as ascorbic acid, to quantify and compare the antioxidant activity of the samples. The results of
the RP-CA antioxidant assay of the optimum pech nectar formulations are presented in Table 9. RP-
CA values of these samples varied from 2.4 to 4.6 mM ascorbic acid equivalents (AAE) and F11
(containing 6g bamboo fiber, 6 mg lutein) and F8 (containing 6 g polydextrose and 6 mg lycopene)
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showed the lowest and highest RP-CA values, respectively. These results were consistent with the
results of previous methods (DPPH and ABTS assays). RP-CA assay has been used in several research
works on fruit juices. Raji et al., (2022) declared that RP-CA values of 2.43 to 4.34 mM AAE for the
mix of pineapple and orange juices. Kwawet et al., (2018) reported 33.69 to 38.39 mM AAE for lactic
acid fermented mulberry juices. RP-C assay showed addition of citrus fiber in blackberry juice
enhanced antioxidant activity (Buljeta et al., 2021). Purkiewicz et al., (2020) assessed the antioxidant
activity of carrot juices from different varieties (black, orange, and yellow) by the RP-CA method and
showed that orange carrot juices had higher carotenoid content and antioxidant activity compared to
yellow and black carrot juices. The incorporation of carotenoids, such as [3-carotene, into carrot juice
has been found to significantly increase its antioxidant capacity. Carotenoids are effective in
scavenging free radicals, thereby enhancing the reducing power capacity of the juice (Sharma, et al.,
2012).

4. Conclusions

In the current research, by using D-optimal mixture design a type of healthy-functional fruit
juice based on peach nectar was formulated. The effects of three types of dietary fibers (Bamboo fiber,
citrus fiber, polydextrose), and two types of carotenoids (lycopene, and lutein ) at constant total
amounts were evaluated on several important quality parameters (such as physical stability, total
phenol, and flavonoids, vitamin C, antioxidant properties, turbidity, color, rheological and sensory
properties). The results showed that the fibers and carotenoid proportions had significant effects on
these properties. For example, the higher ratio of polydextrose to citrus and bamboo fibers increased
the physical stability and antioxidant properties of peach nectar. Carotenoids had no effect on
physical stability and lycopene had a greater effect on antioxidant properties than lutein. The
interactions between phenolic compounds and dietary fiber ingredients may decrease their
bioavailability and bamboo fibers had a more negative effect on the phenolic compound content of
peach nectar. Lycopen increased total phenol content more than lutein which attributed to more
stability of phenolic compounds during processing. Citrus dietary fiber also increased vitamin C
content and viscosity. These show in the development of fortified-healthy drinks and beverages,
several nutritional, physicochemical, and sensory properties are affected by proportions of added
ingredients which should be greatly considered.
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